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REMARKS 

Status of the claims 

Claims 1, 6, 21, 22, 25-37 are pending. 

By entry of this amendment, claims 21-22 have been canceled without disclaimer or 
prejudice. Applicants reserve the right to pursue the subject matter encompassed in the canceled 
claims in subsequent continuation or divisional, applications. 

Claims 1, 28, and 33 have been amended by this amendment Claim 6 and 22 is as 
originally filed. Thus, claims 1 6 T 25-37 are currently under examination. 

No new matter has been added by these amendments. Support for amended claims can 
be found in the example section, Table 2, Table 5, Table 7, and the Sequence Listing. 

This amendment adds, changes and/or deletes claims in the instant application. A 
detailed listing of all claims that are 7 or were, in the application, irrespective of whether the 
claims remain under examination in the application, are presented with an appropriate defined 
status identifiers. See 37 C.F.R. §1. 121(g). 

Withdrawn Objections and Reject tons 

Applicants would like to thank the Examiner for withdrawing the objections and 
rejections as stated in the Final Office Action dated September 10, 2007. 

Rejection under 35 USC 61 12. first paragraph* enablement 

The claims stand rejected under 35 USC §1 1 2 7 first paragraph, for allegedly being not 
described in tire specification in such a way as to enable one skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and/or use the invention. Applicants 
respectfully traverse. 

The Examiner sta ted that one of the two samples in the Example section of the specification 
did not show significance. There is no dispute, however, that the other sample, S0012, shows that 
the claimed SNP is significantly associated with coronary stenosis. See Table 7. 

Applicants hereby submit additional studies published earlier this year showing that the 
instantly claimed SNP ? called LPA 14399M (rs3798220) in the published article, has been associated 
with Severe Coronary Artery Diseases in three different samples. See Table 2 and Table 3 of the 
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attached article by Luke, etak, Arteriosclerosis, Thrombosis, and Vascular Biology, 2007;27:2030- 
2036). 

The studies conducted in Hie published article genotyped the patients individually, as 
opposed to the pool studies as shown in the Example sections. Thus, it is conceivable that the p- 
vfliues might be different, even if the sample sets they were derived from are the same. 

In addition, the claims have been amended adding the language encompassing the 
complementary strand of SEQ ID NO: 19350. Thus, the claim language directed towards the 
presence of A allele being associated with decreased risk is well supported by Table 7, which shows 
T, the allele on die complementary strand of the A allele, is indeed associated with decreased risk 
(odds ratio less than 1 ). 

Therefore, the rejection under 35 USC §1 12, first paragraph, for allegedly lack of 
enablement has been overcome. The Examiner is respectfully requested to withdraw the rejection. 

Rejection under 35 USC $112, first paragraph, new matter 

The claims stand rejected under 35 USC §112, first paragraph, for allegedly containing 
new matter. Applicants respectfully traverse. 

The Examiner asserted that the specification did not support the language encompassing the 
presence of G at position 101 of SEQ ID MP: 19350 being associated with increased risk of coronary 
stenosis. 

As disclosed in the primer table, Table 5 of the specification, the two alleles of the instant 
claimed SNP are C and T. Table 7 shows that the T allele is associated with decreased risk, thus 
making the C allele being associated with increased risk, as the risk association in the case-control 
study is relative to each other. Therefore, the allele on the complementary strand of the C allele 
would be G. 

Thus, the rejection under 35 USC §1 12, first paragraph, for allegedly containing new 
matter has been overcome. The Examiner is respectfully requested to wiihdraw die rejection. 

Rejection under 35 USC 8103 

Claims 21 and 22 stand rejected under 35 USC §103, for allegedly being obvious over 
SNP rs3 798220 in view of Notlau et al. 

Claims 21 and 22 have been canceled, thus making the rejection moot. Hie Examiner is 
respectfully requested to withdraw the rejection. 
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In conc lusion, in light of the amendments and remarks above, A ppl icants submit that the 
present application is fully in condition for allowance. Early notice to that effect is earnestly 
requested. 

The Examiner is invited to contact the undersigned via telephone if a phone interview would 
expedite the prosecution of the instant patent application. 



Respectfully submitted, 

By: <Z?~*£5~~ 

Ben Wang, Reg" No.: 41 ,420 



Date: October 30, 2007 
Cclera 

1 40 J Harbor Bay Parkway 
Alameda, CA 94502 
Tel: 510-749-4378 
Fax:510-749-1895 



Enclosure : Luke, et &L, Arteriosder. Thromb. Vase. Biol 2007 ;27 :2030-2036. 
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A Polymorphism in the Protease-Like Domain of 
Apolipoprotein(a) Is Associated With Severe Coronary 

Artery Disease 

May M, Luke, John P. Kane, Dongming M. Liu, Charles M. Rowland, Dov Shiftman, June Cassano, 
Joseph J, Catanese, Clive R, Pultinger, Diane 0, Leoqg. Andre R, Arellano, Carmen H. Tong; 
Mna Movsesyan, Josephtaa Naya-Vigne, Curtis Noordhof, Nicole T. Feric, Maty J. Malloy, 
Eric J. Topol, Marlys L. Koschinsky. James J. Devlin, Stephen G. Ellis 

Objectives — The purpose of this study was to Identify genetic variants associated with sevete coioxmry at let y disease 
(CAD). 

Methods and Results — Wc used 3 case-control studies of white subjects whose severity of CAD was assessed by 
angiography. The first 2 studies were used to generate hypotheses that were then tested in the third study. Wc tested 
1 2 077 putative functional single nucleotide polymorphisms (SNPs) in Study 1 (781 eases, 603 controls) and identified 
302 SNPs nominally associated with severe CAD- Testing these 302 SNPs in Study 2 (471 eases, 298 controls), we 
found 5 (iin CPA, CAJMl, MAPI, APIBh and ABC'02) were nominally associated with severe CAD and had the same 
risk alleles in both studies. We then tested these 5 SNPs in Study 3 (554 cases, 373 controls). We found I SKP that was 
associated with severe CAD: LPA I4399M (is3798220). LPA encodes flpolipoprotein(a) t a component of liporwoicin(H), 
I4399M is located in the pa^tease-like domain of apolipopratein(a).. Compared with noncatriers, canters of the 
risk allele (1.1% of controls) had an adjusted odds ratio tor severe CAD of 3.14 (confidence interval 1 51 to 6.56), and 
had 5-fbld higher median plasma Upopictein(a) levels (jP=(X003) 

Conclusions — The TJ>A I4399M SNP is associated with severe CAD and plasma lipOpiOleiii(a) levels. (Arterioscter 
Thromb Vase Biol. 2007;27:2030-2036.) 

Key Words: coronary arteriosclerosis ■ genetics ■ single nucleotide polymorphism 
■ lipoprotein a) ■ risk factoid 



Severe coronary artery dUease (CAD), ehamctcrized by 
occlusive epicai'dial coronaiy stenosis* and its conse- 
quences such as myocardial infarction (MI) are the lending 
causes of death in the United State*. 1 Several major risk 
factors for coronary disease aic well established and form tlie 
basis of current risk assessment algoiithms. 2 * Howevei, some 
risk factors for coronary disease have not yet been identified, 
because some of the palicnts with coronary disease do not 
have traditional risk factor *s* and traditional risk factors do 
not reliably pnsdict premaiuic MI 5 The unidentified risk 
factors probably include genetic variants because genetics Is 
considered to have an important role in coronary disease^- 7 
and a family history of cardiovascular disease is an indepen- 
dent risk iactoi ' ft One appioacii to identify genetic variants 
associated with complex diseases, such as coronary disease 
is to use multiple association studies. We have previously 
Idemjlied genetic variants associated with Ml arid early-onset 



MI by testing thousands of putative Functional SNPs in 3 
case-conn ol studies. 7 '-' Thus, we have taken die same ap- 
pioach for nngtogrophtcally defined severe CAD in 3 case- 
control, studies, and asked if wo could identify genetic 
variants associated with severe CAD. 

Methods 

Study Design 

Beeruiae testing (2 077 $NPj> for association with sev*i$ CAD couid 
result in lal&e-posilives. we used 1 ennsecudve carte-control studies. 
Wc generated a limited number of hypotheses in the first 2 startles by 
identifying a subset of SNPs itm were nominally associated Willi 
Scvcjo CAD and bed th& mma H«l< alleles in boch Mudics find then 
rested these hypotheses in a ihiid study 

Angiographic Assessment of CAD Severity 

The sever Uy of CAD wus iwxcjiscd by scoring the angiograms of 
subject* who had undergone ctinicfljjy indicated corouaiy ongio^m- 
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table 1. Clinical Characteristics of cases and Controls In Study 1 , Study 2, and Study 3 







Study 1 






Study 2 






Study 3 






Case& 


Controls 




Cases 


Controls 




Cases 


Controls 




Characteristic 


(n— 781) 




P Value 


(n-471) 


(n-290 


/>Vnluo 


(n«S54) 


(n«373) 


rvalue 


Stenosis score" 


270 (200-350) 


0 


N/A 


35$ (303-434) 


0(0-33) 


N/A 


300 (260-375) 


0 


N/A 


Age, years 


60±8 


59*11 


N/A 


61 ±11 


5B±12 


N/A 


63r8 


ttt :r.3 


N/A 


Male sex 


480 (61) 


370(62) 


N/A 


252 (54) 


mm 


N/A 


35« (65) 


164 (44) 


N/A 


Smokinot 


531 W) 


3?6 (54) 


<0.001 


300 (64) 


156 (52) 


0 002 


365(66) 


189(51) 


<0 001 


Disnetest 


286(37} 


63 (10) 


<P.001 


100 (21) 


19(6) 


^0 001 


230(42) 


54(14) 


<000l 


Hypertension* 


735(94) 


469(78) 


<0.001 


297 (63) 


135(45) 


<0.001 


924 m) 


310(83) 


<0 001 


Oysllpttfepiiaj: 


. 733(95) 


344(59) 


<oaoi 


411 (87) 


183(63) 


<0,001 


512(94) 


253 (76) 


<ooot 


GMl, kcj/m* 


31 ±6 


30±7 


<0001 






0.00 


30*6 


30±7 


0 48 



Data presented as median (interquartile range) tor stenosis score, mean±standard deviation for Age and BMl. or No. {%) of subjects for the other characteristics. 
N/A Indicates that P values wera nor calculated because the charge is fistic was considered during the selection of eases and controls, lvalues are from Fisher exact 
lest, except those for BML which are from tno Wilcoxon rank sum lest. BMJ indicates body mass index. 

"Calculation of the stenosis score Is presented in supplemental Molhocte. 

tCuiToru or past smoking. 

^Subjects were considered to have this risk factor If the questionnaire indicated inadieai treatment for or a history of this dsK factor. 



phy The severity of CA D wns defined by a stenosis score calculated 
as r.ha nam of (he maximum pciccnt SterrOsUS in 10 coronary artciy 
segments : lite left main und 3 segments (proximal, medial, distal), 
each of the left anterior descending, lert tiicnmOex, and tight 
cOrOrlary urleries. Details of the angiographic assessment of GAD 
and xcorini!, method* mod in thCSO Studies ftjf described in the 
supplemental Methods (available online at hh|>://atvb a ha journals^) 

Study Subjects 

Subjects in all 3 Studies wfcie unrelated women and men who had 
undergone coronary angiopinphy (churuetcustics ot cases and con- 
trols ate ptesentcd in Table l>. Three &oato of our study design 
influenced the choice ot the stenosis hcoit limir* and lite age limits 
used 10 select cases and controls. The first goal wa* to compare cases 
and controls at the extreme ends of the stenosis phenotypc; the 
second goal was to include a large number of subjects; and the thud 
goal was to select case and control groups Ihut were about 40% or 
more female. Because males generally have higher stenosis score 
tiian fondles and have sevete CAD at younger ages than females, we 
set stenosis score limits and limits separately for males and 
females. Details of inclusion and exclusion Criteria ay well as 
Stenosis score limits and ft£C limits ate described in supplemental 
Methods. 

Subjects in Study l and Study 3 wetc drawn from tire Cleveland 
Clinic Foundation (CCF^ Genebank mid included onjy thaw? who 
selected Eastern liuropcan, Notthetii European, or "Caucasian 
Other" as the ethnicity foi both parents Study i comprised 7&1 cases 
and 605 controls selected from angiography patients enrolled in the 
CCF Gen r bank between Decern bet 2000 and March 2003 and whoro 
DNA. samples arrived ut Cclcr.a before October 2003 Study 3 
comprised 554 ease* and 371 controls cnzotlcd in the CCF Genebank 
between July 2(K)\ and December 2003 and wliosc DNA samples 
arrived at Celem after August J 2f1t>4. Subjects in Study 2 were drawn 
fjorti Genomic Resontce at University of California San Francisco 
fUCSF) and included those who selected only white as their 
ethnicity Study ?, comprised 471 cases and 29fi controls drawn fiom 
itn»iogtaphy patients enrolled between June 1 W and March 2003. 

An additional gtoup ot 485 subjects who were not in Study 1, 
Study 2» or Study 3 were used to investigate the association between 
ftenocypft and l.p(a) levels. Tliese subjects had Lp<u) levels available 
in The database of the UCSF Genomic Resource and werw drawn 
from the subjects o( a previously published genetic study of Ml. 0 The 
clinical uharaUerisucs of riiosc 485 subjects arc presented in supple 
mental Table 1 Mosc ot the Study J subjects <444 cases with a 
history of Ml and 602 controls) nnd more thmi half (4«6 oi 169) ot 



Siwiy 2 subjects, hut none of the Study * subjects, were also subjects 
in the previously publishtsil gametic study of MI ° 

All subjects gave infottned consetrt and completed an Institutional 
Review Board appiovcd questionnaire. 

SNPs Tested 

We tested 12077 SNRi in Jf>turiy 1 These ptJtative functiOJiaJ SNPs 
WD in 743Q genes, and 70% of the SN?s modilV the amnio acid 
sCQuence of the encoded proteins: the rest arc potential rcgutatoiy 
SNE 3 s (3'ot 5 ; untianslatwl tegiotis, ttau scrip lion lacbor binding wrcs, 
rrr exon splice sires) Additional SNPs in the Ll"A gene wer* seleeie<l 
uxing Tagger' D as implemented iu Haploview 11 

Gcnotypiug and Laboratory MenKureincnt5 

Genotypes for individual DNA samples were determined by real- 
time kinetic polymerase chain reaction (PCR) as described previous- 
ly." Allele frequencies of SNf's weie deteixnined in Study I and 
Study 2 us) tig pooled DNA samples a* previously described 9 The 
plasma Lp(u.) levels in units ol nmol/L wctc determined by au ELISA 
mcihml n» previously described.'* The sJzc ot apo(oj isorotms, 
reported as the numbet of KIV repeats in :ij)o(a), was determined by 
i^mu nob lotting as previously desctibed ,s Further d^uil^ of those 
methods ate described In supplemental Methods 

Statistical Analysis 

Subject characteristics were. sutTimaii7J5d by disease status for each 
Study, and differences were iwsessed using Fisher exact te«t or me 
Wilcoxon tank Slim test for discrete end continuous character! sties, 
re.snectiveiy A chi-square rest was used to assess allele frequency 
differences that were based on data from pooled DNA samples, and 
Fifther e*aa tect was «wed to attsess allele hoqucnoy difference!; Uiat 
vntit based on ^cnoLypinjJt results. An exact test was used 1o assess 
deviation of genotype frequencies from Hiudy- Weinberg expecra- 
rions.' 4 When (ogistic regression was used ro cstimare odds ratios, 
significance was assessed iLsing the WaldtCSt. When li&k alleles for 
severe CAD were preupeciljed based on Study 1 results for SNPs, the 
association of risk alleles with, severe; C?AD was assessed in subse- 
quent $riidio^ usin£ 1 -sided prr»bnbilitv values and 90% confidence 
intervals (because there was 95% confidence that the true risk 
estimates were greater than the lower bounds of the 90*#» confidence 
inteivals). All other probability values are 2-sidcd and 95% confi- 
dence i o lei v als are presented Likelihood ratio tests were used to 
evaluate potential interactions between genotype and eacb traditional 
risk laeror in separate regression model* tJiat included an hue i action 
term between genotype and the covariatc of interest The association 
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Noncarriers Callers 

Figure 1. Association of tho LPA I4399M SNP with apo(a) Iso- 
form cizo. Plasma apo(a) isoform sizes were determined for 1 1 4 
noncarriers and 35 carriers of LPA 4399M In Study 2. Carriers of 
th« 4399M risk allele had significantly smaller apo{a) Isofonns. 
Individual apo(a) isoform aisee (indicated by A) are reported as 
the number of KIV repeals in the apo(o) Isoform. and th© median 
steas are indicated by the dashed lines. 



Of LPA M399M genotype with eipo(a) isofgrm size (Fiftuce I) and 
untxansfoimed t.p(a) plasma levels ( Figure 2) wcie assessed with the 

Wilcoxoil milk sum teSL A multiple linear regression mode) WttS 

used to csiiniato the tetadoofthip between Ihc LPA camcr 
status and the In ol Lp(u) plasma. IgvgIk while adjusting toy the effect 
ol <rpo(a) isolomi si^e. The In transformed Lp(a) levels were used m 
Ihe HiiWu i6gtC«sion unufyMS so that the distribution ot the residuals 
more closely »ppro*im*Ucd 3 Gaiw*i«m distribution. 

Results 

LPA I4399M Is Associated With Severe CAP 

The demographic and clinical ehiu-aacristics of the subjects 
of Study ), Study 2 and Study 3 ate summarized in Table I. 

Wc measured the allele frequencies of 12 077 putative 
functional SNPs in Study 1 cases and controls using pooled 
DNA samples and identified 302 SNPs that were nominally 
associated with severe CAD (/*«) 05) and bud odds ratios for 
severe CAD of greater dian 1 3 and had minor allele fre- 
quency estimates that weru greater than 2% (supplemental 
Table If). For these 302 SNPs, we determined idJclc frequen- 
cies in Study 2 eases and controls wring pooled DNA samples 
and asked if the risk allele identified in Study 1 was also 
associated with sevctc CAD in Study 2. For SNP$ that were 
associated with severe CAD and had the same risk alleles in 
both pooling studies, we then confirmed their allele frcqttetv 
cies by genotyping individual DNA samples ftom Study 1 
and Study 2 subjects. We found tluM the risk alleles oF5 SNPs 
in 5 genes were nominally associated (/ > <0.05) with severe 
CAD in both studies (Table 2). The genes encoded apoli- 
poprotejofn) (encoded by LPA), calmodulin i tCALMJ\ 
huniingtin-associatfid ptotein 1 (MAPI), adaptor-related pro- 
tein complex 3. 0-1 subunit (AP3BI),. and ATP-binding 
cassette, subfamily O, member 2 (ABCG2). The genotype 
distributions of these 5 SNPs in the control groups of Study 
1 and Study 2 did not deviate from Hardy -Weinberg equilib- 
rium expectations (P> 0.()5 ) . 
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P B 0.003 
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52 













56 



275 



Noncarriers Carriers Noncarriars Carriers 

Figure 2. Association ol the LPA I4399M SNP with plasma Lp(a) 
levels. In 161 Study 2 subjects for whom plasma Lp(a) levels 
were available, carriers of the LPA 4399M allele (n*>12) had 
higher Lp(n) levels than did noncarriero (n=i49). in an additional 
4B5 subjects fgr whom plasma Lp(a) levels were available* carri- 
ers of tho LPA 4393 M allole (n=21) also had higher Lp(a) levels 
Uien did noncarriero <n«464). "pie median values ere shown 
next to the boxes and Indicated by the horizontal lines inside 
the boxes. Ths boxes extend from the 25th to 75th percentile 
and the whlskera oxtt-md from the lowest to the highest value. 

After pie^ped tying the risk alleles based on Study 1 and 
Study 2 results, we tested the hypotheses that the risk alleles 
of* these 5 SNPs would be associated with severe CAD in 
Study 3. We found that the risk allele ol 1 of the 5 SNPs. 
F4399M (rs3798220> in the LPA gene, was associated 
(P<0.05) with sevete CAD. The LPA gene encode* upoli- 
puprotcln(a) (apo(a)), which is a component of 'lipoprotein^) 
(Lp(a)>, and the I4399M SNP is located in the protease-like 
domain of apo(a). Canters of the 4399M allele constituted 
2.7%- of eontrolR and 5,2% of cases in Study 3. Compared 
with noneaitiers, eattiets ot the 4399M risk allele had an odds 
ratio for seveie CAI> of 3.14 (CI 1.51 to 6.56, 
Table 3) after adjusting foi traditional risk factors (age, sex, 
smoking, hypertension, diabetes, dyslipitleroia, and body 
mass index [BM.1]). This association lemained stj^nitlcant 
(P-0.026) after Bonfcnpni 1 * correction fox testing 5 SNPs in 
Study 3. We observed no indication of an interaction between 
Ihe I4399M genotype and age, sex, smoking, diabclcs dyslip- 
idemia ; or BMT in Study 3 (P>0.11), but we did observe an 
interaetioTi between gertorype and hypertension (/>-() 02), How- 
ever, wben. we tested lor interaction between I4399M gtnotyiae 
and hypertension in Study 1 and Study 2 wo did not observe 
significant interactions (^^0.94 and P~() 78, respectively). 

Genetic Variants in Linkage Disequilibrium With 
LPA I4399M 

Wc used 2 approiichcs to investigate whether the associiUion 
ol LPA 14399M with severe CAD could be due to linkage 
disequilibrium (LD) between I4399M and othet variants in 
the LPA gene, fn the first approach, we asked whether other 
SNPs in the LPA gene were associated with severe CAD and 
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TABLE 2. Unadjusted Association of 5 SNPs With Sevora CAD In Study 1 and Study 2 



SNP ID 


Gene Symbol 


Chromosome 


Study 


Major 
Allots* 


Minor 
Allele 4 


Type of SNP* 


Cose 

Apr 


Control 
AFt 


on* 


Cl 


P values 


rs3798220 


LPA 




1 


A 


G 


I4399M 


004 


0.01 


.179 


t 97-7.29 


<0 001 








2 


A 


G 




004 


002 


2 25 


1 27-3.97 


0.010 




CALM1 


14 


1 


T 


fi 




dm 


003 


1.W 


1.11-2-40 


0.012 








2 


T 


G 




one 


0.04 


1 74 


1.13-307 


0020 


rs4796603 


HAP1 


17 


1 


A 


T 


T58S 


0.63 


0.79 


134 


1.10-1.63 


0 004 








2 


A 


T 




0,83 


0.78 


136 


1 09-1. GO 


0.012 


ISI5453373 


AP2B1 


5 


1 


A 


T 


E535V 


0.94 


0J>2 


1.51 


1 11-2 04 


O.008 








2 


A 


T 




0 93 


0.90 


1.50 


1.09--205 


0.022 


rs2231137 


ABCG2 


4 


1 


G 


A 


V12M 


097 


0 95 


1.60 


1 08-2.37 


0.020 








2 


G 


A 




006 


094 


1-82 


1. 10-2.38 


0028 



*Tne polymorphic nucleotides on the seme attends are shown Major alleles are on tin? left and ih« risk ellales are bowed 
TAilele frequency for the risk allele 
^Allelic odds ratios tor the risk glials 

§Fer Study 1, 2-sided rvalues and 95% confidence Intervals are reported for Study 2, where Ihe risk alleles have been prespeclfled based on Study I. l-sldod 
P values awl 90% confidence interval are reported. 
3'iJTR indicate 3' untranslated region, 

could explain ihc association of I4399.M with severe CAD. 
The HupMap project reports 65 SNPs in the LPA gene thai 
have allele frequencies >2% in the CEU population (Utah 
lesi dents with ancestry from northern and western Europe, 
HapMap public ielease #21 We identified a set ot 1 8 SNPs 
that lagged 50 of these 65 SNPs with an r >0.80, VI SNPs 
with an r 1 <0 8 but >0.5, and 3 SNPs with an i 3 <0£. We 
then genotyped the subject ol Study 1 (the largest of the 3 
studies) for these 18 SNTs and the T4399M SNP which lags 
only itself, Except fot the- i4399M SNP, none of these 18 
additional lagging SNVa was associated with seveitf CAD 
after adjusting for traditional risk factors (suppkunentaJ Table 
ITT), in Study I Che I4399M SNP is not in strong LD with any 
of the other 18 tagging SNPs (jr* =£0.1), and the HapMap 
project docs not repoit LD for die LPA 14399 M SNP bcwiusc 
that position is not polyrnor.ph.ie in the 30 CEU trios (60 
parents and 30 offspring) genotyped by the HapMap project 
We also investigated whether the association of Die LPA 
SNP with severe CAD could be attribulahlc to LD 
hetween (4399M and the repeat polymorphism in the LPA 
gene that encodes the kringle IV <KIV) repeat length varia- 
tion. This variation determines apo(a) isofonn sue. which has 
been previously shown to be associated with coronary dis- 
ease.' 7 Direct determination of KIV repeat length in the LPA 



gene '6qimc# nucleated cells which weie not available tox 
these studies '* However, the KIV repeat length can also be 
determined from the number of FCtV repeats in the apo(u) 
isotoiTO present in. Hored plasnia. t!> Because stored pJasma 
was available for some of the Study 2 subjects, we calculated 
the number of subjects needed. to have 80% power to detect 
an association between the I4399M SNP and apo(a) isoform 
size (supplemental Metnods) We then deietwaned apoCo) 
isofonn size for 35 curriers and U4 noucar tiers of 4399M 
among Study 2 subjects. Wc found that to this group of 149 
subjects, the 14399M SNP genotype was associated with, apo(a) 
tsoforrrt size; the median apo(a) isoform size in Cameis con- 
tained 17 KIV repeats and in nonouiieis> 22 KIV repeats 
(?<0.00 1> Figure I.). Howevet, in this gioup of 149 subjects the 
association of rlie LPA 4399M allele wilh sevet^CAD remained 
significant after adjusting for the apoOO size (odds tatio=436, 
Cl 1.S3 to 12.4, P^OOOGi supplemental Table IV). Thus, we 
found no evidence that the association between the LPA 4399M 
allele, with CAD is explained by apo(a) f>\7£ polymorphism 

Plausibility of the Association of LPA I4399M 
With Severe CAD 

To investigate the- biological plausibility oi the association 
between the LPA I4399M SNP and severe CAD, we asked 



TABLE a Association of LPA I43S9M With Severe CAD in Study 3 



Genotype 


Case* 


Control* 




Unadjusted 






AdjuctedS 




OHf 


Cl* 


P Value* 


ORt 


Cl* 


P Value* 


MM 


1 (0.2) 


0(0 0) 














IM 


28 (5.1) 


10 {2 7) 


1 04 


105-359 


0.039 


3.09 


1.4B-6.46 


0.006 


MM -MM 


29(52) 


10 (3 7) 


2.01 


1 09-3 70 


0.031 


3. >4 


1 51-6450 


0005 


II 


625 (94 8) 


383(07.3) 


1.00 


reference 




100 


Reference 





•Data printed as Wo, (%) of subjects 

tOdds ratios were eatlmated by logistic regression 

.fPvaluos (Wain test) m l-^lded ui»d 90% Cf are uresent«d because the risk allele was prospeninftd. 
§AdJusied for age : Hex, ismowng, dtiWM, dysltpldemia, hypertension* and BMl 
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whether the SN.P was associated widi plasma levels of 1 4>(a)» 
which have been associated with coronary disease ; -° Plasma 
Lp(a) level* were available- in the UCSF Genomic Resource 
database for 161 subjects of Study 2 (these 161 subjects 
included V22 of the subjects shown in Figure 1; plasma Lp(a) 
levels we^. not available for Study J or Study 3 subjects). In 
these J. 6. 1 subjects of Study 2 t we found that Lp(a) levels were 
higher in carriers of the 4399M allele than, in nonc&TTicrs 
(f*=0.002): median levels were 336 nmol/L and 52 nmoI/L, 
respectively (Figure 2). To confirm tto result, we [CtfCcd the 
association i>f the I4399M SNP with Lp(a) levels in 485 
additional subjects with available Lp<a) levels (char/acteuatics 
of these subjects aie presented in supplemental Table J). 
These 485 subjects bad not been included in vStudy 1, vStudy 
2, or Study 3. In these 4£tf additional subjects, we again found 
thai the Lp(a) levels were higher in earners of the 4399M 
allele than in noncanriers (7*^0.003, Figure 2). 

We also asked whether the association of I4399M with. 
Lp(a) levels can be explained by the association of I4399M 
with *po(a) vt\zc. Of the 161 Study 2 subjects who had Lp(a) 
levels available Cleft panel of Figure 2), 122 also had apo(a) 
size information available from the analysis hi Figure X In 
these 122 subjects, we found that Lp(a) levels were 5.9-fold 
higher in carriers of the 4.399ta allele than in noncarrien*, 
cone&pondmg to a J/78-ln unit increase in tp(a) levels 
(P-0.002; supplemental Table V), and alter adjusting for 
apo(a) size, l,p(a) levels remained 3.7-foJd higher in earners 
than in ooncamets. cortcspojiding to a 1.32-ln uniL increase 
in Lp(a) levels (P-0.01 3; .supplemental Table V) 

Discussion 

We found that a genetic variant of LP A, the 14399 M SNP, h 
associated with severe CAD- Garners of the 4399M iisk allele 
constituted 2 7% of the conuoJ dubjeety and had an adjusted 
odds ratio for severe CAD of 3-14 (90% CI 1.51 to 6,56; 
Table 3), This association seems unlikely to be a false- 
positive finding because it remained significant after correct- 
ing for multiple testing 

The LP A gene encodes the apo(a) protein of die Lp(a) 
particle, and high plasma Lp(a) levels are considered nn 
emerging lipid risk factor tor eatdfovasculttr disease.**' The 
variability in plasma Lp(a) levels among individuals tire 
largely determined by genetic variations at the LPA gene 
locus, 22 a fraction of that variability has been attributed to 
variation in apo(a) resulting from the KIV type»2 

repeat polymorphism ,,; lite apo(a) protein in apparently 
healthy European Caucasians has been previously reported to 
contain a median of 27 KIV repears w The somewhat lower 
number of K3V repeats we observed In noncarriejffl (22 
repeat*) may icflect the higher than normal risk status of the 
subject* of our- studies: all underwent clinically indicated 
coronary angiography. A number of other poiyrtioipbisins in 
the kringle region and in the 5' noncodtflg l'ejgioni have also 
been repotted to be associated with Lp(a) levels* 35 *- 30 

We did not find evidence that the association ol LPA 
I4399M with severe CA D was allribulabJc to other variants i n 
the LPA gene. We investigated 18 additional SNPs in the LPA 
gene that tagged 50 of the 6,5 SNPs thai have allele frequency 
>2<%. in the HapMap CF-U population. These 18 SNPs 



included 2 SNPs, T3907P and L3866V (same as T3B88P and 
L3847V in Chretien ct al)» which have iccently been reported 
to be associated with Lp(n) levels ™ We found that none of 
these 18 SNPs could explain the association of LPA 14399M 
SNP with .severe CAD- We also found that the apo(a) isoform 
size did not explain the association of LPA I4399M sSNP with 
severe CAD. 

Although we tested 1.2 077 putative functional SNPs Prom 
tnoie than 7000 genes, the one genetic variant that remained 
associated with severe CAD in all 3 studies was the 14399M 
SNP in f.PA, a gene that hns often been implicated in vascular 
disease 21 Thus, the association of LPA I4399M with severe 
CAD is biologically plausible both because LPA is a candi- 
date gene for cardiovascular disease and also because this 
SNP is associated with Lp(a) levels (Figure 2) Whether oz 
how the isolcucine to Dieinioriine substitution directly affects 
Lp(a) levels or CAD risk is not known. It is interesting to note 
that in apolipoprotcin A-T. the oxidation of methionine 
icsiclues has been shown to alter the sites and rates of the 
proteolytic cleavage of upohpopiotctn A-?.* 1 Thus we could 
speculate that potential oxidation of the 4399 metliiouine 
residue could alter npo(a) and Lp(a) cataboUsm, eg, by 
altering proteolytic fragmentation of either fi.ee or U0U 
txitiitd apo(a),*'* hence d taring Lp(a) levels. Alternatively, it 
\m been suggested that Lp{a) plays a role in fibrinolysis' 1 
and that it may be a carrier for proinflammatory and oxidized 
phospholipids 33 ; both ol these toles could conceivably be 
affected by a methionine substitution and its potential oxida- 
tion in the piotcasc-like domain of apo(a) U would therefore 
be ititeiesaing to investigate the potential role of the [4399M 
SNP in Lp(a) physiology either in vino or In transgenic 
animal models that ovcTcxpress die 2 I4399M alleles. Nev- 
ertheless, given Unit determining the KIV repeat length in the 
LPA gene or the apofa) sise in plasma requires more 
specialized technique?; and samples that may nol be available, 
the association of I4399M with apo(a) siz£ could provide an 
alternative approach for obtaining information related to K3V 
repeat length oi apo(a) size. 

Results in this icport contain several attributes that are 
considered desirable for a genetic association study, * A includ- 
ing biological rationale, ligoious phcnotypuig and genotyp- 
ing, multiple large sample sets, conection of probability 
values for multiple testing, and physiologically meaningful 
Supporting evidence It is worth noting that the I4399M SNP, 
which we round to be associated with severe CAD as well as 
with Lp(a) levels, has a relatively low frequency of about '2% 
in the control group. This finding suggests (he need foi 
designing sequencing piojects with adequate power to detect 
SNPs of similar frequency. However, possible limitations 
include the inability Of coronary angiography to identify 
circumferential disease; thus the stenosis score may have 
underestimated the extent of CAD fot some of the control 
subjects. In addition., in Study 2 we tested only those SNPs 
that had had an odds ratio for severe CAD of greater than .1 .3 
in Study 1 Furthermore, even for SNPs with a true OR of 1,3, 
we had 80% power to detect, association with severe CAD in 
Study I. only for SNPs with minor allele frequencies of 0.2 or 
higher This combination of n power limitation for low 
frequency in Study 1 awl the (kUJa-ratio cutoff we used 
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U) advance SNPs from Study 1 to Study 2 could have lead to 
tMse-riegmive results. Our analyses of Lp(a) levels and apo(a) 
wzc wcic restricted Co those limited to n stibscjt of subjects thai 
had Lp(a) levels in the database and our analyses of ano(a) 
sizes v/eio restricted to a subset of tho*e subjects foj whom 
plasma &u*ipks were in storage, and not all o( these subjects 
had Lp(a) levels available. Apo(a) si7x determined from 
stored plasma may not fully reflect the generic variability oj' 
the K1V repeat length polymorphism t>ccm>se laigei apo(a) 
isoformK utc secreted into the pJc^mu at lower levels," 
However, wc could not directly determine the FvlV repeal 
length in the LPA gene because nucleated cells were required 
but were not available Finally » Ihcsc results were derived 
from case-control similes of white subjects: thus the associ- 
ation of the LPA I4399M &NP with sever.* CAD and Lp(a) 
levels should be investigated in other ethnic gioups and in 
prospective population-based cohorts. 

In conclusion, we found that the genetic variant of 

LPA is associated with severe CAD, and the assoeiation 
remained significant atter adjusting for multiple testing. The 
plausibility of this association is supported by the association 

01 I4399M with LpCa) levels. Functional studies of the LPA 
4.399M variant could shed light on the role of Lp(a) in the 
pathophysiology of vascular discusc. 
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